Greene amelanotic melanoma transplanted to pigmented rabbit choroid provided the experimental model for studying photosensitisation treatment of choroidal melanoma. Administration of haematoporphyrin derivative (HPD) and sub sequent photoradiation with green laser light destroyed much of the melanoma with minimal side effects to normal uvea. The results of treatment were docu mented by fundus photography and fluorescein angiography. By 24 hours, the irradiated melanoma and surrounding retina appeared whitened and necrotic, with complete non-perfusion of the area. Over the course of one week, the clinical appearance did not alter. Histopathology at 24 hours and 8 days confirmed massive central tumour necrosis, but in all cases this was subtotal. Viable cells were evident at the periphery and also along the base of the tumour. Experimental evaluation of treatment parameters is required before this technique can be recommended for human choroidal melanoma.
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Photosensitisation treatment of tumours is based on the dye, haematoporphyrin deriva tive (HPD), being preferentially taken up and retained by neoplastic tissue.12 Light of the appropriate wavelength activates intracellular HPD and causes cytotoxicity via production of singlet oxygen3.4 in a type II photochemical reaction.s This technique, currently termed photoradiation therapy or photodynamic therapy has been used to treat a wide variety of solid tumours.67.S Red light is employed because of its tissue penetrance, but shorter wavelengths are far more effective at activat ing HPD to produce singlet oxygen.9.10 It is likely that Argon green light would be prefer able for treating choroidal melanomas, par ticularly those which are lightly pigmented. Photoradiation therapy would seem ideally suited to uveal melanoma because of their accessibility for lasering and their relatively small size. It could become a useful alter native to enucleation. The main side effect would appear to be skin photosensitivity, so that patients have to stay in subdued light for several weeks after HPD injection.
Treatment parameters require defining before an effective regimen for human use in uveal melanoma can be recommended.
II 1 2 The combination of parameters which have to be evaluated include the interval between injection of sensitiser and laser irradiation, the most effective laser wavelength and the appropriate laser intensity.
Several experimental studiesl.l·141S.l6 have been undertaken using Greene hamster melanoma growing in the anterior chamber of rabbit eyes. This transmissible melanoma can also be transplanted to rabbit choroid,17 although it has not to our knowledge been used in this site to study phototherapy. This paper reports our preliminary results using this experimental model of choroidal melanoma to investigate HPD photosensitisa tion and the method of light delivery. 
Photoradiation treatment
Rabbits were given a single intravenous injection of haematoporphyrin derivative (5 mg/ml) at 5 mg/kg body weight. For the remainder of the experiment, the animals were kept in darkness. Laser irradia tion was carried out four hours after injection, under anaesthesia as described above. Argon green (514.5 nm) laser light was delivered to the choroi dal melanoma via an operating microscope and a planoconcave contact lens. The defocussed laser beam gave a choice of 3 mm or 5 mm spot. Tumours were irradiated at a dose rate of 1 W/sq cm for 12 minutes or 2 W/sq cm for 6 minutes, giving a total energy dose of approximately 700 J/sq cm. 
Results

Fundoscopy
Pre-treatment: Within two weeks of implan tation, the transplanted tumour tissue grew to form a discrete choroidal melanoma (Fig. 1) . In this time, it attained a base diameter of 4-5 mm and height 1-1.5 mm.
The fundus appearance of control tumours treated with HPD alone or laser at lW/sq cm was identical to the untreated Greene melanoma. When the power density was increased to 2 W/sq cm, thermal effects of laser without HPD produced blanching of the irradiated area, visible after twenty-four hours.
Post-treatment: Figures 2a-d show the fundus appearance of a melanoma untreated and at one to seven days following photoradiation treatment. Within twenty-four hours of laser ing, tumours turned white and irradiated, sur rounding retina looked opaque. Over the next week, the tumour opacity decreased in size and underlying choroidal atrophy was appar ent. Retinal vessels appeared haemorrhagic, but this was confined to the lasered region.
Serous retinal detachment around the tumour was a common finding, particularly if it was present to a lesser degree before therapy, although it largely resolved in those animals assessed during eight days.
Photoradiation therapy at these laser inten sities has caused no obvious side effects to normal tissues; cornea, lens and vitreous remained clear.
Fluorescein Angiography
An example of a fluorescein angiogram of Greene choroidal melanoma is shown before (Fig. 3) and after photoradiation therapy (Fig. 4) . The typical patchy hyperfluorescence was replaced by an area of complete hypo fluorescence. Irradiated retinal vessels were no longer patent, and no recovery of tumour circulation or retinal circulation was evident over the course of one week.
Histopathology
Pre-treatment: The melanoma grew from the posterior choroid, separating normal choroi dal melanocytes and causing exudative retinal detachment (Fig. 5) . The tumour was ame light alone was delivered at 1 W/sq cm. A power density of 2 W/sq cm to deliver the same laser dose caused significant necrosis of tumour and retina, attributed to hyperther mia. Animals receiving only HPD showed normal eye histology.
Post-treatment: Twenty-four hours after photoradiation therapy, histology showed extensive central necrosis of the tumour and a necrotic overlying retina. Tumour cells had pyknotic or fragmented nuclei, with pale eosinophilic cell outlines (Fig. 6a) . The retina showed fragmentation, mostly in the outer and inner nuclear layers and necrosis of the underlying retinal pigment epithelium. Tumour vessels were partially or completely thrombosed with fibrin clots and in some, vessel endothelial walls had ruptured. How ever, apparently viable tumour cells were con sistently found in the suprachoroidal space, seemingly behind spontaneously necrotic areas and lines of pigment. Viable tumour was identified in all cases at the margins (Fig. 6b) . Mitotic figures were visible and at eight days after treatment, peripheral tumour was show ing active signs of proliferation.
Discussion
The Greene amelanotic melanoma growing in pigmented rabbit choroid appears to be a useful, fast growing model for studying haematoporphyrin photosensitisation treat ment of uveal melanoma. The obvious advan-" __ L�. tages compared to melanoma transplanted to rabbit iris are that modes of light delivery and consequent side effects to normal retinal tissues can be evaluated.
The laser intensities used in our experi ments were considerably higher than used for anterior chamber models.15.16 They compare more closely with first reported values for treatment of human choroidal melanomas, which required large doses and more than one treatment session.lI.1 2
Our early results of photoradiation therapy were encouraging. The dosage of HPD was therapeutic, although the time interval between injection and laser was shorter than used clinically. From twenty-four hours after injection, the blood haematoporphyrin level is negligible which might result in unequal distribution of HPD in cells that are newly dividing. An interval of four hours was chosen for initial experiments in order to avoid this. This also meant that well vascularised normal ocular tissues contained high concentrations of sensitiser, notably iris, retina and choroidl8 making them susceptible to photodynamic action if irradiated. Increasing the interval should improve selectivity by allowing wash out of HPD from non-malignant tissues. We wanted to keep haematoporphyrin levels con stant in order to study the laser variables. The combination of HPD and green laser light produced central tumour necrosis, seemingly through a direct cytotoxic effect and by caus ing vascular thrombogenic ischaemia. No thermal effects were produced by laser irra diation at a dose rate of 1 W /sq cm whereas hyperthermia contributed when using a laser density of 2 W/sq cm.
In these preliminary experiments, the edges of the tumours were clearly not receiving a full dose of irradiation, leaving viable melanoma cells at the margins and also often as a discrete layer next to the sclera. The latter may be due to a protective effect by choroidal melano cytes or hypoxic areas. This requires further investigation; longer wavelength light, such as red laser light (630 nm) may be necessary. Another possibility is to use transscleral in addition to transpupillary light delivery. The delivery system will also be modified to improve irradifltion of the periphery of tumours. These steps are necessary before long term effects of treatment can be studied.
